We examined the relationships between recognition of the physical and psychosocial factors related to low back pain (LBP) and behavioral change among female nurses with LBP. Our specific purpose was to determine whether a program aimed at improving recognition of the factors associated with LBP was effective in enacting behavioral change and thereby improving LBP. The LBP-recognition group, compared to the non-recognition group, showed significant increases in scores on the "deep adjustment" factor of the Emotional Labor Inventory for Nurses and the "changing a point of view" factor of the Brief Scales for Coping Profile. The former group also exhibited a significant improvement in LBP. Thus, promoting recognition of the physical and psychosocial factors of LBP among female nurses can lead to behavioral changes.
Introduction
 Low back pain (LBP) is highly prevalent in Japan, being the most common disorder among men and the second most common among women [1] . In 2011, the total annual medical costs for work-related LBP exceeded $724,885,500 (approx. 82 billion yen), and they have been steadily increasing since 2002 [2] . The severity of LBP is associated not only with worsening health status but also with increased medical costs [3] .
In Japan, the prevalence of LBP among nurses ranges from 52.6% to 91.9% [4] [5] [6] [7] [8] , and it is greater than that among other occupations such as physical therapists [8, 9] . This rate has not shown any signs of improvement. Most explanations for LBP have been based on a biomedical model. This has led to a deep-seated perception of LBP as being caused by physical factors such as poor posture (e.g., bending forward). The predominance of this model has led most efforts aimed at preventing LBP among nurses to focus on the use of body mechanics [10, 11] , such as physical support. However, in 85% of LBP cases, the causes are indeterminate and nonspecific.
The notion that physical posture is the main cause of LBP (based on the biomedical model) has begun to be replaced by the understanding that LBP is primarily a biopsychosocial pain syndrome. Indeed, twenty years ago, the UK (1996) conceptualized lumbago as a biopsychosocial pain syndrome [12] , while in Japan, the 2012 Guidelines for the Diagnosis and Treatment of Low Back Pain [13] have proposed that "prolonged involvement of psychosocial factors contributes to the development of low back pain." However, while nursing education on LBP prevention includes training in body mechanics, gaps in the curriculum have prevented widespread recognition that psychosocial factors can also underlie its development. Effective educational programs for people with LBP include acupuncture treatment [14] and the CORE exercise program [15] . Furthermore, programs that seek to promote health knowledge and improve habits can avert development of LBP, provided that the program combines movement practice with the requisite knowledge to motivate students rather than merely transmitting information [16] .
In 2013, Japan's Ministry of Health, Labour and Welfare revised its 19-year-old guidelines for preventing LBP, and began encouraging businesses to adopt organizational strategies that address employee LBP, such as manager and colleague support or counseling services [17] . The guidelines indicate that LBP must be understood holistically, which would include knowledge of its psychosocial factors (e.g., stress). Such factors are particularly relevant to nursing, which, as a helping profession, demands that nurses control their emotions and act according to certain emotional rules [18] . This emotional labor is defined by Hochschild as the expression or repression of emotions to maintain an outward appearance that will lead others to feel that they are being cared for in a place that is not only convivial and caring, but also safe [19] . To promote nurses' recognition of the physical and psychosocial factors related to LBP, we designed a self-improvement program called the "Education Program." This program aims to improve recognition of these factors and thereby facilitate behavioral change. The purpose of the present study was to determine whether this program improved recognition of the factors related to LBP and whether this improved recognition led to behavior changes among nurses. We considered LBP to be any condition in which a person feels pain in her lower back area.
Materials and Methods

Program Development
The 2012 Guidelines for the Diagnosis and Treatment of Low Back Pain state that cognitive behavioral therapy (CBT) is useful for the treatment of both acute and chronic LBP. According to the Hierarchal Cognitive Model of CBT, moods or feelings, physical reactions, and behaviors are reflections of individuals' "recognitions" of environmental stressors. These four domains are interrelated, which suggests that there is a cyclical interrelationship between individuals and their environments [20] . Thus, among nurses, LBP may be considered a physical reaction arising from the effects of work and other stressors.
People typically respond to events in the environment with automatic thoughts, which then effortlessly and instantaneously rise into consciousness at the point of recognition. Such automatic thinking, including imagination, arises from schemas, which are deep-seated beliefs and perspectives about the world.
Schemas do not easily rise into consciousness, although they regularly influence cognition.
Given that LBP is considered a biopsychosocial pain syndrome, it is likely to be affected by automatic thinking as well. LBP is a physical reaction that it is difficult to directly control; on the other hand, recognition and behavior can be intentionally managed.
Recognition and behavior, however, can be intentionally managed. As part of program development, we conducted three surveys on nurses' recognition of the relationship between psychosocial factors and LBP among nurses and on the relationship between burden on the lower back and frontal-lobe-related cognitive functions. The first was an interview survey, which revealed that although nurses with LBP learned techniques for postural improvement in order to avoid burdening the lower back, they were still heavily burdened, both physically and psychosocially, by their tendency to prioritize others and their own work over self-care. The study also showed that nurses without LBP tended to have high psychosocial recognition and employed appropriate coping methods to avoid developing LBP [21] . The second survey was a questionnaire survey of 141 female nurses. Although LBP and psychosocial factors were determined to be related, nurses had a relatively low level of recognition of that relationship [22] . Finally, the third survey showed that lower back burden when a person assists with a wheelchair transfer is related to a twisting motion in the lower back, psychological burden such as stress, and cognitive functions related to deciding how to execute the assisting action [23] . In that study, we proposed that to alleviate lower back burden, recognition among nurses must be fostered on the necessity of attending to their own physical and psychosocial circumstances when providing assistance, and to cognitively evaluate and adjust.
From these results, we designed a draft program with two modules: a knowledge module and a practice module (which comprised physical posture techniques and psychosocial practice). In the knowledge module, sources such as the 2012 Guidelines for the Diagnosis and Treatment of Low Back Pain were used to explain how LBP, as a biopsychosocial pain syndrome, relates to various physical and psychosocial factors. For the practice module, we used exercises suggested by Watarai [24] , who indicated that in order to move the body well, individuals must be aware of their posture and integrate knowledge, movement, and feeling; this approach is referred to as "Anatomy, Alignment, and Recognition." For the psychosocial practice, we focused on helping participants understand the underlying causes of stress and thereby relieve them. This approach was based on the fact that chronic LBP in adults is a response to stress, and improvement and prevention of LBP can be expected if appropriate coping strategies are used to manage the stresses of daily life [25] .
A preliminary survey using the draft program highlighted how the program needed a more concrete methodology for relieving stress. Thus, we incorporated a CBT column technique into the program. This technique can be used to restructure cognition by replacing negative thoughts with positive ones. More specifically, when something has gone wrong in life, this technique is used to facilitate the individual's ability to think rationally in order to overcome negative automatic thoughts and overcome their difficulties [26] . We designed a four-column template for the program; the columns were labeled "Event," "Mood," "Way of thinking," and "Think positively!"
The table of contents for the program was as follows: (1 In the knowledge module, nurses learn to appreciate that LBP is a biopsychosocial pain syndrome and to recognize its relationship with various physical and psychosocial factors. Once nurses have learned to recognize LBP and its related factors, they are able to appropriately modify their behavior through practice, with the aim of improving their LBP. We also presented them with the experiences of nurses with LBP obtained from essential research on the topic, for participants who had an interest.
Design
We designed this study to test whether the program was effective in leading to a behavioral change and improving LBP. The primary outcome measure was LBP measured on a visual analog scale (VAS), and a secondary outcome measure was whether nurses had learned to recognize the physical and psychosocial factors. This latter condition was considered necessary for behavior modification to improve LBP (Fig. 1 ).
Participants
We limited potential participants to female graduates of 4-year university nursing programs in order to avoid introducing confounds. Further, candidates had to be in their first year of employment after graduation, when LBP prevalence is highest, or in their fifth year after graduation, because that is the median of nursing experience groups for which the employment rate is high.
Ultimately, participants were 286 female nurses working at 17 hospitals with 500-1,400 beds and that had been founded by different organizational entities. All participants were in either their first or fifth year of employment after graduating from a 4-year nursing university. Participants were excluded if they were receiving treatment for a medically diagnosed condition. All of them had good physical and mental well-being.
Survey Items
Recognition (Physical and Psychosocial Factor Recognition)
A field was provided for the subject to indicate with a "○" (the Japanese equivalent of ) all of the physical and psychosocial factors that they recognized as being related to their LBP, based on an understanding that LBP is a biopsychosocial pain syndrome.
Behavior (Body Mechanics, Emotional Labor Inventory for Nurses)
We measured participants' use of 10 body mechanics techniques from the basic nursing skills curriculum [27] using a 4-point scale: 1 = always keep in mind and use, 2 = sometimes use, 3 = almost never use, and 4 = never use.
To measure emotional labor, we used the Emotional Labor Inventory for Nurses [28] . This inventory has five subscales, namely, "exploratory understanding," "surface adjustment," "suppressed expression," "expression of caring," and "deep adjustment." All were measured on a 5-point scale: 1 = don't do, 2 = rarely do, 3 = sometimes do, and 4 = frequently do, 5 = always do.
Psychological Reactions (Stress Response)
To measure workplace-related stress and job stressors, we used the Brief Job Stress Questionnaire [29] . The Stress Response subscale comprises two items (positive and negative psychological response).
Physical Reactions (LBP and Physical Stress Response)
LBP was measured on a VAS. The VAS was a 100-mm straight line with "No pain" on the extreme left and "Pain interferes with work" on the extreme right. We measured physical stress response as using the Brief Job Stress Questionnaire, described above. 
Environment (Job Stressors)
To measure stressors, we used the Job Stressor subscale of the Brief Job Stress Questionnaire, which comprises nine items (quantitative psychological overload, qualitative psychological overload, physical overload, job control, care skills use, interpersonal relations, work environment, job fitness, and job motivation).
2.4.6 Coping (Brief Scales for Coping Profile) To assess coping strategies for dealing with worries and problems, we confirmed the validity of the Brief Scales for Coping Profiles version 3 [30] among nurses. This scale comprises six subscales corresponding to various coping strategies: "changing mood," "active solution," "taking out emotions to others," "seeking help for solution," "changing a point of view," and "avoidance and suppression." As an additional measure, we created a CBT column template for use in cognitive restructuring, which was described previously.
Data Collection
After obtaining their informed consent, we provided an explanation of the program's content. Participants were asked to read the knowledge module and to do as much of the practice module as they felt comfortable doing. We explained that they should stop immediately if they felt that their LBP was worsening or if their back was becoming strained. The program took 2 weeks to complete. Before and after the program, the participants completed the self-administered questionnaire (comprising the measures above) and the CBT column template. The study duration was from May through October 2012.
Data Analysis
We determined the percentages of factors that participants recognized as being related to LBP. Further, to confirm whether participants modified their behavior, we compared mean scores for the above measures between in the LBP items for each variable, the pre-and post-program differences between the groups were analyzed using the Wilcoxon test. Additionally, a Spearman's rank-correlation coefficient analysis to confirm the relationships between recognition of factors and the various other measures. SPSS Statistics 22.0 for Windows was used for statistical analysis, and statistical significance was set at P < 0.05. Pre-and post-program results for "Think positively!" in the column templates were categorized by the co-authors and compared.
Ethical Considerations
This study was approved by the XXX internal review board (approval # 12002). All participants provided their written informed consent prior to participation.
Results
Of the 286 nurses who were asked to participate, 60 (valid response rate: 21%) gave their informed consent and were able to complete the pre-and post-surveys. Thirty-one (51.7%) were in their first year of employment after graduation and 29 (48.3%) were in their fifth year.
While the number of participants who indicated recognition of the physical factors before the program was high (n = 59, 98.3%), few nurses recognized both the physical and psychosocial factors (n = 15, 25%). This significantly increased to 30 (50.0%) after the program (Z = -2.934, P = 0.003). Accordingly, these 30 participants were assigned to the "recognition" and "non-recognition" groups.
Pre-/Post-Program Comparisons of the Recognition and Non-recognition Groups
We examined the pre-and post-program differences in both groups to confirm how behavior changed after the program.
Notably, some of the post-program scores related to "behavior" significantly improved; for instance, the "use of body mechanics techniques" (Z = -2.51, P = 0.012) and "deep adjustment" both decreased significantly (Z = -2.97, P = 0.003; Table 1 ). Post-program scores for the "negative psychological response" item of psychological reactions significantly decreased (Z = -2.18, P = 0.029). In addition, the post-program scores for the "coping" subscales of "changing a point of view" (Z = -2.215, P = 0.027) and "active solution" (Z = -2.360, P = 0.018) significantly decreased.
Organizing the "Think positively!" responses in the pre-program CBT column template for the recognition group resulted in the following categories, in decreasing 7.2 ± 1.3 6.7 ± 1.4 -2.215* -0.41 * : P < 0.05, **: P < 0.01, ***: P < 0.001. † Always keep in mind and use (1 pt), sometimes use (2 pts), almost never use (3 pts), Never use (4 pts). § Don't do (1 pt), rarely do (2 pts), sometimes do (3 pts), frequently do (4 pts), always do (5 pts). ‡ Always the case (1 pt), sometimes the case (2 pts), almost never the case (3 pts), Never the case (4 pts). order of frequency: "respond out of consideration for myself" (35.3%), "learn from my mistakes" (29.4%), "interpret things positively" (23.5%), "resolve it over time," and "none" (5.9%).
Table 2 Post-program correlations for the recognition group (n = 30).
Item
In contrast, only four categories emerged at post-program: "learn from my mistakes" (40.7%), "interpret things positively" (25.9%), "respond out of consideration for myself" (18.5%), and "role" (14.8%).
For the non-recognition group, four pre-program categories emerged: "interpret things positively" (37.5%), "learn from my mistakes" (25.0%), "role" (25.0%), and "respond out of consideration for myself" (12.5%). By post-program, five categories emerged: "interpret things positively" (39.1%), "respond out of consideration for myself" (30.4%), "learn from my mistakes" (17.4%), "role" (8.7%), and "not worried about it" (4.3%).
Between-Groups Comparison of Differences in VAS Results
For the recognition group, the mean (SD) difference in LBP severity between pre-and post-program was -3.57 (14.0) mm. This was significantly lower than the 5.23 (14.9) mm of the non-recognition group (P = 0.034).
Post-Program Correlations for the Recognition Group
In the recognition group, the "physical complaints" factor of "physical reactions" was significantly correlated with the "negative psychological responses" item of "psychological reactions" (r = 0.529, P < 0.001) and the "suppressed expression" factor (r = -0.259, P = 0.046; Table 2 ) of "behavior." Furthermore, the "use of body mechanics techniques" factor of "behavior" was significantly correlated with the "positive psychological response" item of "psychological reactions" (r = 0.327, P = 0.011).
Discussion
Our results showed that by completing this program, some of the nurses better understood that LBP is a biopsychosocial pain syndrome, having demonstrated recognition of the links between LBP and various physical and psychosocial factors. Furthermore, they clearly modified their behavior as part of efforts to improve their LBP. More specifically, our results demonstrate the following points concerning the use of cognitive and behavioral modification to improve LBP.
Recognition of Physical/Psychosocial Factors
Before the program, nurses with LBP had a poor recognition of psychosocial factors, but a good recognition of physical factors. This may have been the result of the historical use of the biological injury model in nursing education to explain LBP. After the program, we observed a significant increase in nurses' cognitive recognition of both the physical and psychosocial factors. Cognitive recognition is the understanding derived from knowledge and memories acquired about a subject. Although past knowledge about LBP, subsequent experience, and nursing training may have led nurses to develop a deeply entrenched perception of LBP as a biomedical model, our findings showed that roughly half of the nurses might have been unable to "unlearn" this perception through our program.
Behavior Modification in the Recognition Group
Post-program, the recognition group experienced greater alleviation of LBP than did the non-recognition group. Several factors may have related to this improvement. First, deeply entrenched perceptions derived from nurses' educational backgrounds may have facilitated LBP-related behavior modification, as shown by the increase in behaviors related to improving physical factors, such as the use of body mechanics techniques.
Among psychosocial factors, there was a significant increase in scores on the "changing a point of view" factor of the Brief Scales for Coping Profiles. This is possibly the result of attempts by the person to erase deep-seated feelings through cognitive manipulation, which is a cognitive coping strategy. It may also correspond to emotion-focused coping. Emotion-focused coping has been found to alleviate stress responses to job stress, in much the same way as problem-focused coping; however, such problem-focused coping comes with the possible cost of increased feelings of work overload [31] , thus increasing the stress response slightly. Although problem-focused coping aims to directly address stressors, it may lead individuals to feel unnecessarily overburdened when problems have no immediate solution or when issues require an organizational solution. For the recognition group, having cognitive recognition of the psychosocial factors may have increased the use of emotion-focused coping strategies to mitigate stress responses, rather than personally attempting to resolve job stressors. Such a behavioral change may have alleviated the stress response related to LBP, which in turn could have contributed to LBP improvement. We also observed a significant increase in the "deep adjustment" factor of the Emotional Labor Inventory for Nurses. This refers to the strategy of modifying one's inner, felt emotions in order to express the appropriate emotions (called "deep acting") rather than merely changing the surface-level appearance of emotions ("surface acting") [18] . Deep acting refers to the state of "not deceiving the patient but deceiving oneself," as nurses attempt to modify themselves to feel the emotions that they believe they should [19] . The deep adjustment factor of the Emotional Labor Inventory for Nurses is defined as "the act of a nurse recognizing her own emotional state and generating appropriate emotions," or how they actively adjust their emotions in order to express their feelings in a heartfelt way that can still satisfy their own needs [28] . While similar to deep acting, deep adjustment does not require "self-deception"; instead, it is the act of expressing appropriate emotions by changing the inner emotions (which requires emotional labor) in a way that still feels comfortable. The outcomes of deep acting (e.g., guilt) will differ depending on how one re-evaluates a given situation [32] . In the present study, as nurses with LBP interacted with patients, they may have been able to appropriately re-evaluate the situation at that time to reduce their emotional labor.
Such an interpretation was supported in this study by participants' responses in the CBT column template. Specifically, participants did not rely solely on others to find ways of thinking more positively, such as "resolving problems over time" or "interpreting things more positively." They also referred to an orientation toward insight, such as being conscious of one's role. Some nurses in this study may have increased their capacity for deep adjustment-and thus remained more comfortable with themselves in modifying their emotions-by fostering an orientation toward replacing negative thinking about situations with more positive thinking.
Cognitive restructuring is a CBT technique for which introspection is essential [20] . It is reasonable to 
Limitations
LBP is too complex and diverse a concept to capture. Therefore, we must analyze the background of LBP in greater detail. Additionally, in order to avoid introducing confounding factors, we limited potential survey participants to female nurses with specific years of work experience, and recruited participants from multiple facilities. However, less than 30% of the initial candidates completed the survey. Further studies are needed to increase the validity by increasing the number of participants and by studying the program's effects longitudinally. As alexithymia isn't necessarily a clinical factor, exclusion of those who have received treatment isn't necessarily going to remove this bias.
Conclusion
Although female nurses are aware of the physical factors for LBP, their recognition of psychosocial factors was relatively low. By recognizing both factors, female nurses can engage in behavioral changes that lead to reduced LBP.
